Land use patterns can change the structure of soil bacterial communities. However, there are few studies on the effects of land use patterns coupled with soil depth on soil bacterial communities in the karst graben basin of Yunnan province, China. Consequently, to reveal the structure of the soil bacterial community at different soil depths across land use changes in the graben basins of the Yunnan plateau, the relationship between soil bacterial communities and soil physicochemical properties was investigated for a given area containing woodland, shrubland, and grassland in Yunnan province by using next-generation sequencing technologies coupled with soil physicochemical analysis. Our results indicated that the total phosphorus (TP), available potassium (AK), exchangeable magnesium (E-Mg), and electrical conductivity (EC) in the grassland were significantly higher than those in the woodland and shrubland, yet the total nitrogen (TN) and soil organic carbon (SOC) in the woodland were higher than those in the shrubland and grassland. Proteobacteria, Verrucomicrobia, and Acidobacteria were the dominant bacteria, and their relative abundances were different in the three land use types. SOC, TN, and AK were the most important factors affecting soil bacterial communities. Land use exerts strong effects on the soil bacterial community structure in the soil's surface layer, and the effects of land use attenuation decrease with soil depth. The nutrient content of the soil surface layer was higher than that of the deep layer, which was more suitable for the survival and reproduction of bacteria in the surface layer.
Introduction
The karst graben basin in the East Yunnan plateau is a special geomorphological formation due to the rifts of the plateau, which were uplifted at the same time [1, 2] . This area is also the main area of the "two barriers and three belts" for China's national ecological security. However, due to deforestation of this area over the past several decades, the karst ecosystem has seriously degenerated, thereby affecting soil quality, soil fertility, and ecological conditions, and resulting in abandoned bare land. To fight against this environmental problem, the "Green for Grain" program, or the Natural Forest Protection Project, was launched by the Chinese government in this region [3] [4] [5] . Accordingly, the size of the degenerated areas has shrunk with the revegetation process. However, little is known Forests 2020, 11, 51 2 of 15 about how vegetation restoration types affect the soil bacterial community's structure in the karst graben basin.
Vegetation restoration can affect soil microorganism communities, which can regulate the soil's biogeochemical cycles and affect the stability of the soil's ecosystem [6] [7] [8] . Although many studies have discussed soil microbial community structures with land use pattern changes worldwide, there are few studies on the influence of land use patterns on the soil bacterial community's structure in karst graben basins. For example, Suleiman et al. compared the bacterial community in the original forest-covered area and grassland for eight years and found that the main bacterial community composition showed little difference [9] . Song et al. found that the number and composition of the soil microbial population in the karst peak-cluster depression were different in farmland, grassland, scrubland, forest plantation, secondary forest, and primary forest [10] . Ederson et al. found that there were significant differences in the community composition among crops, pastures, and agroforestry, as well as young secondary forest (up to 5 years old), old secondary forest (5 to 30 years old), and primary forest sites [11] . To better explore the influence of land use patterns on the soil bacterial community structure in the Luxi county in the Yunnan karst graben basin, the woodland, shrubland, and grassland in a given karst area were selected. Our objectives were to (i) gain insight into the difference of soil bacterial community structure with land use changes, (ii) inquire into the effects of land use patterns with soil depth, and (iii) identify the key factors in determining soil bacterial communities. Our findings provide a basis for understanding the influence of land use patterns on soil bacterial community structures in the karst graben basin of Yunnan province, China.
Materials and Methods

Study Sites
Luxi county (103 • 30 -104 • 03 E, 24 • 15 -24 • 46 N) is located in the north Honghe Hani and Yi Autonomous Prefecture in Yunnan province in the subtropical monsoon climate zone, which is rainy in summer and dry in winter. The rainy season extends from May to October, and the dry season runs from March to April. The average annual precipitation is 2026.5 mm. The average annual temperature is 16.3 • C. Moreover, the rocky desertification in Luxi country is serious.
Soil Sample Collection
Sampling occurred between the wet and dry season, January 2018. Three 20 × 20 m plots were established for each land use pattern. The minimum distance between plots was 400 m to avoid pseudoreplication. Soil samples were collected from the surface soil (0-10 cm), named the A layer, and the other samples were taken from the deep layer (10-20 cm), named B layer, with a split tube auger 5 cm in diameter. At each plot, six soil cores were selected in an S-shaped pattern to form one soil sample. A total of 18 soil samples from woodland (WL), shrubland (SL), and grassland (GL) were collected. Soil samples were named according to the soil sampling sites (such as SL) and soil layer (A: 0-10 cm) in that particular order (e.g., SLA). The three land use patterns were continuously managed for 15 years. All soil samples were transported to the laboratory immediately after collection in sterile plastic bags on dry ice and divided into two uniform portions. One portion was stored at −80 • C for DNA analysis, and the other part was air dried for physicochemical analysis.
Physicochemical Analysis
Soil moisture content (moisture), soil temperature (T), and EC were measured in situ by soil three-parameter tachometers (Delta-T Devices Ltd., Moisture Meter type HH2, UK). Soil organic carbon (SOC) was determined by wet digestion using the H 2 SO 4 and K 2 Cr 2 O 7 method [12] . Total phosphorus (TP) was determined using the molybdenum blue colorimetric method following HClO 4 digestion [13] . Available potassium (AK) was extracted with ammonium acetate and analyzed using a flame photometer [14] . Total nitrogen (TN) was determined by an element 
Soil Bacterial Community Structure and Diversity
The dominant phyla were different in the three land use types, as well as in the A and B layers, as seen in Figure 1 . There were 13 dominant phyla in the A layer ( Figure 1a ). Proteobacteria, Verrucomicrobia, and Acidobacteria were the most abundant dominant bacteria. The total proportions of the three dominant bacteria in the A layer were woodland (80.22%), shrubland (80.07%), and grassland (59.52%); the Verrucomicrobia in grassland were significantly fewer than those in the woodland and shrubland; Acidobacteria, Actinobacteria, Bacteroidetes, and Chloroflexi in grassland were significantly higher than those in woodland and shrubland (Table S1 ). In the B layer, the total proportions of the three most abundant dominant bacteria were woodland (78.61%), shrubland (67.14%), and grassland (56.03%). Among the three different land use patterns, the composition and proportions of the other dominant phyla were different but not significant. 
The dominant phyla were different in the three land use types, as well as in the A and B layers, as seen in Figure 1 . There were 13 dominant phyla in the A layer ( Figure 1a ). Proteobacteria, Verrucomicrobia, and Acidobacteria were the most abundant dominant bacteria. The total proportions of the three dominant bacteria in the A layer were woodland (80.22%), shrubland (80.07%), and grassland (59.52%); the Verrucomicrobia in grassland were significantly fewer than those in the woodland and shrubland; Acidobacteria, Actinobacteria, Bacteroidetes, and Chloroflexi in grassland were significantly higher than those in woodland and shrubland (Table S1 ). In the B layer, the total proportions of the three most abundant dominant bacteria were woodland (78.61%), shrubland (67.14%), and grassland (56.03%). Among the three different land use patterns, the composition and proportions of the other dominant phyla were different but not significant. Moreover, the heat map clearly shows the distribution of the dominant OTUs ( Figure 2 ). In the A layer (Figure 2a ), OTU 410 (DA101 soil group) and OTU 24 (Candidatus Solibacter) were the dominant OTUs for the woodland; OTUs 238 and 30 (Candidatus Solibacter), OTUs 28 and 124 (Sphingomonas), OTUs 49, 69, and 27 (subgroup 6), and OTUs 58, 368, 26, and 47 (RB41) were the dominant OTUs for grassland; and OTUs 1, 31, 2312, 9, and 823 (DA101 soil group), and OTU 12 (Acidobacteria) were the dominant OTUs for shrubland. In the B layer ( Figure 2b ), OTUs 163, 823, 2, 1, and 772 (DA101 soil group), and OTUs 10 and 2858 (Acidobacteriaceae) were the dominant OTUs in shrubland. OTUs 65 and 16 (0319-6A21) and OTUs 53 and 11 (Acidobacteriaceae) were the dominant OTUs in woodland. OTU 21 (Candidatus Xiphinematobacter), OTU 71 (Gemmatimonadaceae), and OTU 54 (Pedomicrobium) were the dominant OTUs in grassland. Moreover, the heat map clearly shows the distribution of the dominant OTUs ( Figure 2 ). In the A layer (Figure 2a ), OTU 410 (DA101 soil group) and OTU 24 (Candidatus Solibacter) were the dominant OTUs for the woodland; OTUs 238 and 30 (Candidatus Solibacter), OTUs 28 and 124 (Sphingomonas), OTUs 49, 69, and 27 (subgroup 6), and OTUs 58, 368, 26, and 47 (RB41) were the dominant OTUs for grassland; and OTUs 1, 31, 2312, 9, and 823 (DA101 soil group), and OTU 12 (Acidobacteria) were the dominant OTUs for shrubland. In the B layer ( Figure 2b ), OTUs 163, 823, 2, 1, and 772 (DA101 soil group), and OTUs 10 and 2858 (Acidobacteriaceae) were the dominant OTUs in shrubland. OTUs 65 and 16 (0319-6A21) and OTUs 53 and 11 (Acidobacteriaceae) were the dominant OTUs in woodland. OTU 21 (Candidatus Xiphinematobacter), OTU 71 (Gemmatimonadaceae), and OTU 54 (Pedomicrobium) were the dominant OTUs in grassland.
The alpha diversities of the soil bacterial communities were different between the three land use types. In the A layer, except for the Simpson index, the alpha diversity indices from grassland were significantly higher than those from shrubland and woodland (p < 0.05), as listed in Table 2 . Moreover, there was no significant difference between shrubland and woodland (p > 0.05). In the B layer, the alpha diversity indices of the three land use patterns were not significantly different, except for the Simpson index. The alpha diversities decreased with an increase in soil depth, except for the Simpson index.
To investigate the effects of land use type and soil depth on soil bacterial communities, we examined the beta diversity ( Figure 3 ). The shrubland and woodland can be accurately clustered together, which shows the similarity of their bacterial communities' compositions. Compared with the A layer, the points in the B layer were more dispersed. The alpha diversities of the soil bacterial communities were different between the three land use types. In the A layer, except for the Simpson index, the alpha diversity indices from grassland were significantly higher than those from shrubland and woodland (p < 0.05), as listed in Table 2 . Moreover, there was no significant difference between shrubland and woodland (p > 0.05). In the B layer, the alpha diversity indices of the three land use patterns were not significantly different, except for the Simpson index. The alpha diversities decreased with an increase in soil depth, except for the Simpson index. To investigate the effects of land use type and soil depth on soil bacterial communities, we examined the beta diversity ( Figure 3 ). The shrubland and woodland can be accurately clustered together, which shows the similarity of their bacterial communities' compositions. Compared with the A layer, the points in the B layer were more dispersed. Note: A = 0-10 cm (A layer), B = 10-20 cm (B layer); data are the means ± standard error (means ± SE). Different lowercase letters (a and b) in the same column represent a significant difference from the different sample points in the same soil layer (p < 0.05).
The Relationship between Soil Physicochemical Parameters and Soil Bacteria
To assess the influence of land uses on bacterial community composition, we performed a db-RDA on the dominant bacterial phyla. According to the db-RDA plot and Spearman's correlations between the soil physicochemical parameters and dominant phyla in the land use types, the first two axes accounted for 2.86% of the variability of the bacterial community structure in the A layer. Further, the bacterial communities were positively correlated with six soil physicochemical properties (including SOC, TN, TP, AK, EC, and T) ( Figure 4a ). Verrucomicrobia were negatively correlated with TP, T, E-Mg, AK, and EC, and positively correlated with TN and SOC. Acidobacteria were positively correlated with EC, T, and E-Mg; Actinobacteria were positively correlated with AK, EC, T, and E-Mg; Bacteroidetes were positively correlated with E-Mg, AK, and EC; Chloroflexi were positively correlated with T, E-Mg, TP, AK, and EC; and Actinobacteria, Bacteroidetes, and Chloroflexi were negatively correlated with TN and SOC ( Figure 5 ). In the B layer, db-RDA showed that the first two axes accounted for 2.86% of the variability of the bacterial community structure, and bacterial communities were positively correlated with SOC, TN, AK, and T (Figure 4b ). Verrucomicrobia were positively correlated with SOC and negatively correlated with AK, T, and E-Mg. Acidobacteria were negatively correlated with TP; Chloroflexi were negatively correlated with TN and SOC, and positively correlated with T and E-Mg; Actinobacteria were positively correlated with AK, TP, T, E-Mg, and EC; and Bacteroidetes were positively correlated with AK and TP ( Figure 5 ). 
To assess the influence of land uses on bacterial community composition, we performed a db-RDA on the dominant bacterial phyla. According to the db-RDA plot and Spearman's correlations between the soil physicochemical parameters and dominant phyla in the land use types, the first two axes accounted for 2.86% of the variability of the bacterial community structure in the A layer. Further, the bacterial communities were positively correlated with six soil physicochemical properties (including SOC, TN, TP, AK, EC, and T) ( Figure 4a ). Verrucomicrobia were negatively correlated with TP, T, E-Mg, AK, and EC, and positively correlated with TN and SOC. Acidobacteria were positively correlated with EC, T, and E-Mg; Actinobacteria were positively correlated with AK, EC, T, and E-Mg; Bacteroidetes were positively correlated with E-Mg, AK, and EC; Chloroflexi were positively correlated with T, E-Mg, TP, AK, and EC; and Actinobacteria, Bacteroidetes, and Chloroflexi were negatively correlated with TN and SOC ( Figure 5 ). In the B layer, db-RDA showed that the first two axes accounted for 2.86% of the variability of the bacterial community structure, and bacterial communities were positively correlated with SOC, TN, AK, and T (Figure 4b ). Verrucomicrobia were positively correlated with SOC and negatively correlated with AK, T, and E-Mg. Acidobacteria were negatively correlated with TP; Chloroflexi were negatively correlated with TN and SOC, and positively correlated with T and E-Mg; Actinobacteria were positively correlated with AK, TP, T, E-Mg, and EC; and Bacteroidetes were positively correlated with AK and TP ( Figure 5 ). and EC (Figure 4c ). Moreover, OTUs 28 and 124 (Sphingomonas), OTU 17 (Lysobacter), OTU 54 (Pedomicrobium), and OTU 43 (Steroidobacter) of Proteobacteria were also significantly correlated with TP, T, E-Mg, AK, and EC (Figure 4c ). In the A layer, OTUs 1, 2, 9, 31, 52, 410, 823, and 2312 (DA101 soil group) and OTUs 114 and 143 (RB41) of Verrucomicrobia and Acidobacteria were significantly correlated with SOC and TN (Figure 4c ). In the B layer, OTU 26 (RB41) and OTUs 27 and 69 (subgroup 6) of Acidobacteria were significantly correlated with TP, T, E-Mg, AK, and EC (Figure 4d ), and OTUs 1, 2, 9, 31, 52, 410, 772, 823, and 2312 (DA101 soil group) of Verrucomicrobia were significantly correlated with SOC and TN (Figure 4d ), as confirmed by their significant relationships in Tables S2  and S3 . Although representing the relationship between soil physicochemical parameters and despite the observation that the most abundant OTUs were different in the three land uses, these tables, on the whole, show a certain regularity (Figures 4c,d and S1 ). The OTU co-occurrence patterns and the relationships among soil bacterial communities and physicochemical parameters were also investigated. Overall, the ecological networks were markedly different among the bacterial groups at different soil depths. This network was comprised of highly connected genera and soil physicochemical properties, thereby forming a "small world" topology. The nodes in the network were assigned to 11 bacterial phyla (Figure 4e,f ). Among these, three phyla (Proteobacteria, Acidobacteria, and Verrucomicrobia) were widely distributed, accounting for over 60% of all nodes. In the surface layer, OTUs 26, 47, and 58 (RB41) and OTUs 1, 2, 9, 31, 410, 823, and 2312 (DA101 soil group) of Acidobacteria and Verrucomicrobia were keystone taxa (Figure 4e ). In the deep layer, OTUs 1, 2, 9, and 2312 of Acidobacteria were keystone taxa (Figure 4f ). This study indicates that these OTUs may play key roles in maintaining the structure and function of soil bacterial communities. It can be seen that EC, E-Mg, SOC, AK, T, and TN were the most important soil physicochemical factors affecting the bacterial community composition in the A layer, whereas SOC, AK, E-Mg, and TN were the most important factors in the B layer. The networks of competition and cooperation were more complex among bacteria in the surface layer than those in the deep layer. The correlation between bacterial communities and soil physicochemical properties decreased with an increase of soil depth (Figure 4c-f ). Heat maps showed that TP, T, E-Mg, AK, EC, TN, and SOC were significantly correlated with most of the dominant OTUs, whereas pH and E-Ca were significantly correlated with some OTUs (Figure 4c,d) . In the A layer, OTUs 26, 47, 58, and 368 (RB41); OTUs 27 and 49 (subgroup 6); and OTUs 30 and 238 (Candidatus Solibacter) of Acidobacteria were significantly correlated with TP, T, E-Mg, AK, and EC (Figure 4c ). Moreover, OTUs 28 and 124 (Sphingomonas), OTU 17 (Lysobacter), OTU 54 (Pedomicrobium), and OTU 43 (Steroidobacter) of Proteobacteria were also significantly correlated with TP, T, E-Mg, AK, and EC (Figure 4c ). In the A layer, OTUs 1, 2, 9, 31, 52, 410, 823 , and 2312 (DA101 soil group) and OTUs 114 and 143 (RB41) of Verrucomicrobia and Acidobacteria were significantly correlated with SOC and TN ( Figure 4c ). In the B layer, OTU 26 (RB41) and OTUs 27 and 69 (subgroup 6) of Acidobacteria were significantly correlated with TP, T, E-Mg, AK, and EC (Figure 4d ), and OTUs 1, 2, 9, 31, 52, 410, 772, 823 , and 2312 (DA101 soil group) of Verrucomicrobia were significantly correlated with SOC and TN (Figure 4d) , as confirmed by their significant relationships in Tables S2 and S3 . Although representing the relationship between soil physicochemical parameters and despite the observation that the most abundant OTUs were different in the three land uses, these tables, on the whole, show a certain regularity (Figure 4c,d and Figure S1 ). The OTU co-occurrence patterns and the relationships among soil bacterial communities and physicochemical parameters were also investigated. Overall, the ecological networks were markedly different among the bacterial groups at different soil depths. This network was comprised of highly connected genera and soil physicochemical properties, thereby forming a "small world" topology. The nodes in the network were assigned to 11 bacterial phyla (Figure 4e,f) . Among these, three phyla (Proteobacteria, Acidobacteria, and Verrucomicrobia) were widely distributed, accounting for over 60% of all nodes. In the surface layer, OTUs 26, 47, and 58 (RB41) and OTUs 1, 2, 9, 31, 410, 823 , and 2312 (DA101 soil group) of Acidobacteria and Verrucomicrobia were keystone taxa (Figure 4e ). In the deep layer, OTUs 1, 2, 9, and 2312 of Acidobacteria were keystone taxa (Figure 4f ). This study indicates that these OTUs may play key roles in maintaining the structure and function of soil bacterial communities. It can be seen that EC, E-Mg, SOC, AK, T, and TN were the most important soil physicochemical factors affecting the bacterial community composition in the A layer, whereas SOC, AK, E-Mg, and TN were the most important factors in the B layer. The networks of competition and cooperation were more complex among bacteria in the surface layer than those in the deep layer. The correlation between bacterial communities and soil physicochemical properties decreased with an increase of soil depth (Figure 4c-f ).
Discussion
The Characteristics of the Soil Physicochemical Properties
Land use patterns determine the surface vegetation and soil management method, which in turn result in a difference between soil physicochemical properties [28, 29] . In our study, TP, AK, E-Mg, EC, and the moisture in grassland were significantly higher than those in the woodland and shrubland. However, the TN and SOC in woodland were significantly higher than those in shrubland and grassland. It is well known that microorganisms are intimately involved in rock weathering and could use these elements as electron acceptors and nutrients [30] . Consequently, grassland, during the early stages of vegetation succession under the influence of microorganisms on rock weathering, had a high concentration of AK, E-Mg, and TP compared with shrubland and woodland. However, due to the deficient root systems and lower amount of litter in grassland, the SOC and TN were low in the grassland. Moreover, SOC and TN are elements of soil fertility and are closely related to ecosystem stability, environmental protection, and land use [31, 32] . Compared with grassland, the litter in woodland was high, and the root system was dense. Moreover, TN and SOC were also positively correlated. Therefore, the contents of TN and SOC in woodland were higher than those in shrubland and grassland. Further, soil nutrient contents decreased gradually with increasing soil depth because the soil's surface layer was the humus layer with rich litter, high nutrient content, a well-developed plant root system, good ventilation, and positive hydrothermal conditions [33] [34] [35] [36] .
Distribution of Bacterial Diversity Compositions
Bacterial communities from different land use types and different soil depths were highly diverse. In our study, soil bacterial diversity indices from grassland in the A layer and B layer were significantly higher than those in shrubland and woodland (p < 0.05). The diversity indices of soil bacterial communities in the three land use types decreased with increasing soil depth, which was consistent with the changes in soil physicochemical properties. Plant community richness usually increases during late successive stages. Moreover, increased plant community richness can significantly alter soil bacterial community composition and is negatively correlated with bacterial diversity [37] . An increased plant community can supply a diverse array of resources to the soil, thereby promoting coevolutionary niche differentiation and favoring nonantagonistic microbial communities in which antagonism plays little role in maintaining soil community diversity [38] . The decrease in bacterial diversity with increasing soil depth is due to the reduction in the nutrient substrates for bacteria [39] . This is consistent with the expected depth patterns of soil bacterial diversity found in other studies [40, 41] .
Beta diversity was used to describe the similarities and differences in community structure. The PCoA distance showed a pronounced influence of land use changes on soil bacterial community structure. In our study, bacterial communities from grassland were significantly different from those in woodland and shrubland. This shows that the rate of species replacement between grassland and shrubland was relatively fast, possibly due to the lack of soil nutrients in grassland and increased competition during successive stages, which intensifies the species replacement between communities [42] .
Relationships of Bacterial Communities with Basic Soil Parameters
Soil physicochemical properties determine the living environment of bacteria, which affect soil bacterial communities [43] . Soil bacteria play an extremely important role in organic matter decomposition, soil nutrient cycling, and ecological environment improvement [44, 45] . Changes in bacterial community compositions led us to evaluate the extent of different land uses. Then, in our study, 33 dominant phyla were found in the 18 soil samples. Proteobacteria, Verrucomicrobia, and Acrobacteria were the most abundant dominant soil bacteria from the three land use patterns. These phyla have also been found in different relative proportions in other ecosystems worldwide [46, 47] , suggesting that they may play a fundamental role in these environments.
Proteobacteria showed no significant difference in the three land use patterns, yet their proportion in surface soil (26.61%) was significantly higher than that in deep soil (20.95%), which could be related to their copiotrophic living attributes. Proteobacteria belong to aerobic heterotrophic and facultative trophic bacteria [48, 49] , which are able to live in soils with high organic matter content. As a result, with an increase in soil depth, the soil nutrients decreased, and the abundance of Proteobacteria decreased. Proteobacteria were not significantly correlated with other physicochemical factors, except for soil moisture (Figure 5 ). At the same soil depth, the difference in moisture among the three land use patterns was not significant, and the other physicochemical factors had no significant effect on the distribution of Proteobacteria because Proteobacteria contain many subgroups with different habits, which are distributed in different niches. The Proteobacteria's structure is stable, and its anti-interference ability is strong. In the surface layer, OTUs from Proteobacteria were more prevalent in grassland (Figure 2a ), and most of the OTUs were significantly correlated with TP, AK, E-Mg, EC, and T (Figure 4c ). In the deep layer, Proteobacteria were not significantly different in their land use (Figure 2b) . Further, the OTUs were not significantly correlated with the soil's physicochemical properties (Figure 4d ). These bacterial structural differences reflect the prominent changes in particular groups. The heat map revealed that the distribution of OTUs was strongly affected by different land uses and soil depths, and soil nutrients appear to determine the distribution and frequency of OTUs (Figure 4c,d) . Among the most frequent Proteobacterial OTUs, six were classified at the genus level (Variibacter, Bradyrhizobium, Pedomicrobium, Steroidobacter, Sphingomonas, Lysobacter). Interestingly, some taxonomically related OTUs from land use, such as Proteobacteria-related OTUs (28 and 124, classified as part of the Sphingomonas group), exhibited similar occurrence patterns. Some recent advances have demonstrated that Sphingomonas have unique abilities in degrading refractory contaminants, serving as bacterial antagonists to phytopathogenic fungi [50] . The genus Bradyrhizobium (OTU 4) is one of several genera of nitrogen-fixing bacteria, which play an important role in agricultural productivity and global nitrogen cycling. Previous reports have found that Bradyrhizobium are dominant in forest soil [51] . However, in our study, Bradyrhizobium were found to be dominant in shrubland and woodland environments.
Verrucomicrobia were the most widely distributed and diverse phylum of bacteria in soil habitats [49] . The proportion of Verrucomicrobia in grassland was significantly lower than that in woodland and shrubland at different soil depths. Verrucomicrobia were distributed in various soil and aquatic habitats, including environments with poor nutrition, eutrophication, extreme pollution, and man-made habitats [52, 53] . Verrucomicrobia may be more adaptable to oligotrophic environments in soils [54] , which are widely distributed in rhizosphere and aggregate soils. They can use a variety of carbon compounds and may be closely related to the carbon cycle [55] . Our study found that Verrucomicrobia were significantly positively correlated with TN and SOC ( Figure 5) , and significantly negatively correlated with TP, AK, EC, and E-Mg. Because the grassland had more soil nutrients, the proportion of Verrucomicrobia in grassland was significantly smaller than that in woodland and shrubland. Moreover, it was found that there was a striking increase in verrucomicrobial abundances at different soil depths (Figure 1 ). The slow growth rate of Verrucomicrobia may allow them to exploit the sparse resources in subsurface soil [56] . In different soil layers, OTUs from Verrucomicrobia were enriched in the shrubland (Figure 2a,b) . Moreover, most OTUs from Verrucomicrobia were significantly correlated with TN and SOC (Figure 4c,d) . Among the most frequent Verrucomicrobia OTUs, only one (OTU 21) was classified at the genus level (Candidatus Xiphinematobacter). Previous studies exposed the difficulty of classifying Verrucomicrobia because the portion of culturable bacteria within the Verrucomicrobia is quite low [57] .
Acidobacteria were widespread in all types of soils with high richness [58] . In the A layer, Acidobacteria were significantly positively correlated with EC and E-Mg ( Figure 5 ). The proportion of Acidobacteria in grassland was significantly higher than that in woodland and shrubland. In the B layer, Acidobacteria had a significantly negative correlation with TP ( Figure 5 ), though the proportion of Acidobacteria in the three land use patterns was not significantly different. Moreover, the dominant genera from Acidobacteria were the Blastocatella (OTU 37) and Candidatus Solibacter OTUs (21, 30, and 238). In the surface layer, OTUs from Acidobacteria were prevalent in the three land uses, reflecting the high adaptability of this group. In the deep layer, OTUs from Acidobacteria were more frequent in grassland and shrubland. In addition, most OTUs were significantly correlated with TP, AK, E-Mg, EC, and moisture. Accordingly, each abundant Acidobacteria OTU prevailed in a different niche, reflecting the high adaptability of this group. Acidobacteria are acidophilic bacteria, which can decompose animal and plant residues and cellulose to form organic carbon [59] . Consequently, they are more suitable for living in a low organic carbon environment. Our study found that Acidobacteria were negatively correlated with TOC. Moreover, there was more litter on the soil's surface, making the surface more suitable for the survival of Acidobacteria.
Conclusions
Proteobacteria, Verrucomicrobia, and Acidobacteria were the dominant bacteria, but the abundance of bacterial communities was different. Verrucomicrobia were significantly positively correlated with TN and SOC and significantly negatively correlated with TP, AK, EC, and E-Mg. Acidobacteria were significantly correlated with EC, E-Mg, and TP. Different land use patterns have significant effects on the soil's physicochemical properties. TP, AK, E-Mg, and EC in the grassland were significantly higher than those in the woodland and shrubland. TN and SOC in the woodland were higher than those in the shrubland and grassland. The soil physicochemical properties decreased with increasing soil depth, and SOC, TN, and AK were the most important physicochemical properties affecting the composition of the bacterial community. The diversity of bacterial communities in the three land use types decreased with an increase of soil depth, which was consistent with the trend of soil physicochemical properties. Different land use patterns and soil depths have significant effects on bacterial communities. Land use shapes strong effects in the soil's bacterial community structure on the soil's surface layer, and the effects of land use attenuation decrease with soil depth. Compared with deep soil, surface soil contains more nutrients that are more suitable for the growth and reproduction of bacteria. Our study provides a basis for understanding the influence of land use patterns and soil depths on the bacterial community structure in the karst graben basin of Yunnan province, China. Selecting a suitable land use according to the soil bacterial community structure of karst graben basins has great significance. We should also consider the impacts of soil bacterial communities on land use at different soil depths.
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